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A curtovirus associated with a disease of spinach was isolated in southwest Texas during 1996. Disease symptoms included severe stunting and chlorosis, with younger leaves curled, distorted, and dwarfed. Viral DNA was purified and an infectious clone obtained. Agroinoculation using a construct bearing full-length tandem repeats of the cloned viral genome resulted in systemic infection of species in six of seven plant families tested, indicating that the virus has a wide host range. Symptoms produced in spinach agroinoculated with cloned viral DNA were similar to those observed in the field. Viral single-stranded and double-stranded DNA forms typical of curtovirus infection were detected in host plants by Southern In the fall o f 1996, a curly top disease epidemic occurred within spinach (Spinacia oleracea L.) production fields in the region surrounding Uvalde, T X . The disease rendered affected spinach plants unsuitable for fresh market and was manifested as stunting and yellowing, with younger leaves distorted, dwarfed, and curled. This economically important disease o f spinach has been attributed to Beet curly top virus (BCTV) in both southwest Texas (7, 30) and California (7, 20) . Occurrence o f curly top disease during the 1996 southwest Texas epidemic was coincident with presence o f the beet leafhopper (Circulifer tenellus (Baker)), the only known curtovirus vector present in North America ( 1 ) .
The genus Curtovirus o f the family Geminiviridae is composed o f leafhopper-transmitted viruses that infect dicotyledonous hosts and possess a monopartite circular single-stranded (ss)DNA genome o f =3 kb. Although curtoviruses with different pathogenic phenotypes have been known for over 60 years ( I ) , all were assumed to be strains o f BCTV. In the past two decades, sequencing o f curtovirus genomes (3, 17, 23, 40, 43, 45, 52) isolate has been in culture the longest among those characterized at the molecular level and was the first to be sequenced (43) . The Logan isolate (9) is very similar in sequence ( 1 7 ) and pathogenicity (49) to the California isolate. Aside from these two isolates, curtoviruses still recognized as BCTV have been found only in husbanded virus populations used for sugar beet cultivar assessment (52). The curtovirus isolates CFH (45, 49) and Iran (3) are now considered isolates o f BSCTV, whereas the Worland (49,52) and W 4 (40) isolates are now known as BMCTV. In contrast to BCTV, the curtoviruses BSCTV and BMCTV are widely distributed in the western United States and are commonly found in sugar beet production fields (47, 51) . Although BCTV, BSCTV, and BMCTV have wide host ranges, HrCTV is distinguished from other curtovirus species based on a narrow host range (8, 49) and the recombinant nature o f its genome (23), in which the complementary-sense genes CI and C4 are most closely related to the whitefly-transmitted begomovirus Squash leaf curl virus (SLCV) .
Unpublished studies conducted in 1996 and 1997 by two o f the authors ( M . C. Black and D. C. Stenger) confirmed that a curtovirus was associated with the 1996 curly top disease epidemic o f spinach in southwest Texas. However, this preliminary diagnosis did not define which curtovirus was involved but did suggest that the virus in question may be a new strain or species. To resolve this issue, we characterized the genornic and biologic properties o f the virus. In this article, we present data indicating that a virus recovered from spinach during the 1996 southwest Texas curly top disease epidemic represents a fifth and previously undescribed Curtovirus species that we propose be named Spinach curly top virus (SCTV). Furthermore, we present phylogenetic analyses that demonstrate incongruent evolutionary relationships among individual genes that are most easily explained as having resulted from recombination among curtoviruses.
